ABSTRACT
Introduction
Currently, smoking is one of the main problems of public health all over the world, due to its association with various illnesses. Among them, important for urology, the cancer of the bladder stands out as it is recognizably association with the habit of smoking. Furthermore, smoking may be directly related to the increase of prevalence of the lower urinary tract symptoms 1 . There are approximately fi ve thousand components in the tobacco, among the most toxic ones it is nicotine, an odorless and colorless alkaloid substance that when inhaled or injected may liberate catecholamines and result in vasoconstriction with decrease of tissue perfusion 2 . After a tissue lesion the process of restoration of the integrity of the tissue is started by means of a series of cellular, physiological and biochemical events highly dynamic and integrated. Didactically, healing may be divided into three distinct phases: infl ammation, proliferation and maturation or remodeling, which overlap in time and cannot be seen as a simple series of sequential steps 3, 4 . Among the various factors that may affect the healing of wounds, nicotine appears as one of the factors that may interfere negatively in the healing process, due to its effect of vasoconstriction 5 . Although the effect of nicotine has been the object of scientifi c studies in relation to healing in various specialties such as dermatology, odontology and general surgery, studies related to the urinary tract have not been made yet [6] [7] [8] . The objective of the present study is to evaluate the infl uence of nicotine in the healing process of vesical sutures in rabbits that have undergone cystotomy, by means of analyzing the histological alterations and the strength of tissue tension.
Methods
The experimental procedures were carried out at the Center of Surgical Research of the Post-Graduation Program in Clinical Surgery of the Federal University of Paraná, at the Medical Research Institute -IPEM and at the Technical Institute of Central Laboratory of Development an Research of Paraná -LACTEC and they were carried out according to the regulations of Brazilian College of Animals Experimentation -COBEA. Consent was obtained from the local ethics committee. In order to accomplish this experiment 20 male rabbits were used (Oryctolagus cuniculus), New Zealand, white, weighing from 2600 to 3750g, ages varying from 90 to 110 days. The animals were divided at random into two groups: Group N with 10 animals that were given nicotine and Group C with 10 animals that were given saline solution at 0.9%; each group was divided in two subgroups, having fi ve rabbits each. The subgroups were called, according to the time of postoperative evaluation (postoperative day 4 and 7), N4, N7, C4 and C7. The animals from group N were given nicotine (Nicotine di-tartrate salt, Sigma, Saint Louis, Missouri, USA), for a period of 28 days prior to the surgical procedure, as a subcutaneous injection and in a dose of 2mg per kilogram of weight, once a day, diluted in saline solution at 0.9% to complete 1ml. In Group C, the animals were given saline solution at 0.9%, in the volume of 1 ml, once a day, as a subcutaneous injection for the same period of time as the nicotine group. All animals were housed under standard laboratory conditions, and they had free access to water and laboratory rabbit chow. After complete 28 days, the animals underwent surgical procedure. Associating xylasine and ketamine given as an intramuscular injection carried out anesthetic induction. After a laparotomy, the bladder was identifi ed and externally mobilized and it was made a longitudinal incision on its wall in the dome region, followed by the closing of the cystotomy by means of a running suture, with 5-0 chromic catgut. After that, the bladder was put back in the abdominal cavity and the abdominal wall was closed. In the post-surgery period the administering of nicotine or saline solution was maintained for all the days until the completion of the four or seven days according to the subgroup of the animal. When the postoperative days were over for each group, the euthanasia of the animals was carried out. After anesthetic induction, the abdomen was entered through the same previous incision and a cystectomy was made through sectioning its base. The bladder was put in a jar fi lled with saline solution at 0.9% and then the rabbit was sacrifi ced by means of administering an intra-cardiac dose of fentanyl. Then the bladder was open, in a way as to let the suture remain in the central and transverse position in order to be submitted to the traction test. After that, a fragment of approximately 1cm² including suture area and adjacencies was removed and it was placed in formalin at 10% for histological analysis. The histological analysis was performed by the technique of hematoxylin and eosin in order to evaluate intensity of acute infl ammatory infi ltrated, intensity of chronic infl ammatory, intensity of fi broblast proliferation. Mature and immature collagens were analyzed by picrosirius-red F3BA by means of microscopy technique with polarized light and computerized morphometric analysis. In the RGB system (red, green and blue) the values for black (background), for shades of red (collagen type I) and for shades of green (collagen type III) were taken into account. In the histological cuts that were analyzed the microscopic fi eld was determined on the line of anastomosis, in 5 different fi elds, and then the arithmetic averages were obtained. The percentage of the occupied area was calculated based on the fi bers that contained collagen types I and III. The vesical segment that was taken for the traction test measured approximately 15mm in width and 5mm in thickness, it was kept immersed in physiological serum at 0.9% and soon after that it was analyzed for the maximum strength of tissue tension prior to rupture, expressed in kgf, by a computerized traction machine. In order to prove the objectives raised in this study these tests were used, parametric tests "t de Student", for independent samples and paired and the non-parametric "Mann-Whitney" and "Wilcoxon (paired dates)" through the software "Primer of Biostatistics". The level of signifi cance adopted was less than 5% (p<0.05).
Results
In the comparison among the groups, taking into account the infl ammatory cells and the proliferation of fi broblasts, it was not observed any signifi cant difference in any of the analyzed moments (Figures 1 and 2) . However, it is important to emphasize that on the day four the number of neutrophils was smaller in the Nicotine group (p=0.079) (Figure 3 
In the comparisons among the groups, about the values of collagen I and III, it was not observed any statistical difference in any of the analyzed moments (Figures 4 and  5 ). In the comparison among the groups taking the traction test, it was not observed any signifi cant difference in any of the analyzed moments (Table 1) . Concerning the analysis intra-group (the same group in different moments) it was observed that the saline solution group presented larger resistance during traction test on the day seven (p=0.028). In the Nicotine group, it was not observed any signifi cant difference ( Figure 6 ). 
FIGURE 2 -Infl ammatory cells and fi broblasts, in the study groups -7th day

Discussion
Forrest et al. 9 showed that the alterations in healing caused by the nicotine used by means of daily subcutaneous injections are time and dose dependent, and they happened after the use of the drug for 28 days prior to the surgery. Thus, in this research a subcutaneous injection of nicotine was used with a dose of 2mg/kg, so that all the animals would receive a standardized dosage in order to produce levels of nicotine similar to the levels of a chronic smoker, during a period of time of 28 days prior to the surgical procedure to observe the deleterious effects to healing. It was observed in the evaluation of the variable acute infl ammatory process, by means of counting the number of neutrophils per fi eld, a larger number of neutrophils in the physiological serum group in relation to the nicotine group on the day four, but with borderline statistic difference (p=0.079), so it is possible that this may be a tendency. This fact may be explained through the decrease of the cell chemotaxis that may diminish the cellular presence of neutrophils to the site of the lesion. Corberand et al. 10 , when studied in vitro the effect of various components of the tobacco smoke on the function of polymorphonuclear cells, observed that nicotine has a deleterious effect on the motility of these cells. In the evaluation of the variable chronic infl ammatory process, it was not found any signifi cant difference in the counting of lymphocytes and plasmocytes among the samples of the two groups. However, there was an increase of plasmocytes on the day seven in the nicotine group with borderline statistic difference (p=0.053). The smoke from tobacco, in similar quantities to the ones from a smoker, may produce in animals the stimulus of humoral immunity against moderate exposure and cause depression when there is prolonged exposure 11 . The fi broblast is the cell from the connective tissue that is responsible for the deposition of collagen in the site of lesion and the fi broplasia is already observed in an intense way on the fi rst seven days. In the sample studied, the nicotine did not present reduction of the fi broblastic proliferation, unlike other studies that have shown an inhibitor action of the nicotine on the fi broblastic feasibility in cellular cultures 7, 12 . Collagen supplies a structure for all the extracellular matrices and it is fundamental in the healing process. In the beginning there is a predominance of collagen type III, but it is gradually substituted by collagen type I, responsible for the tissue strength 4 . In this study it was not possible to observe this situation clearly and it was shown that nicotine did not infl uence in the deposition of collagen I and III at any moment of the study. In the evaluation of the tensile strength through the traction test there was no difference between the control and the nicotine groups at the same period of time, however in the control group there was an increment in the tensile strength from the day 4 to the 7 (p=0.028). In the evaluation of the nicotine group, in spite of having occurred a rise in the tensile strength from the day 4 to the 7, this rise was not signifi cant statistically speaking. When Medeiros et al. 8 evaluated the action of nicotine in the repairing of the abdominal wall of rats, they showed that nicotine decreases the strength of tension of the abdominal wall in relation to the control group, which has not been demonstrated in this study. According to Edlich et al. the bladder has great potential for repair, reaching 100% of its strength between 14 and 21 days, so the strength of bladder wound recovers quickly, unlike what happens to other organs 13 . The histological alterations that occur during the healing process of other organs cannot necessarily be transferred to the bladder, as a tissue may respond to the action of a substance in a different way. The action of nicotine may happen in two different ways, by direct action on the collagen or by indirect way on the components of the healing process. In this research there were infl ammatory reactions due to nicotine, both from the acute infl ammatory process and also the chronic one, however without statistical signifi cance, which would represent a tendency, but that may signify an action of the drug in the immune system. In this experiment, the infl uence of nicotine on the fi broblastic proliferation, production of collagen and strength of tension was not observed; these factors refl ect better the fi nal result of healing. This leads to the idea that, possibly, the infl ammatory alterations caused by nicotine, or its direct action, were not enough to cause structural defi ciency in the healing of the vesical suture during the time of the analysis and in the conditions of the present study.
Conclusion
Nicotine, in the dose of 2 mg/kg of the animal weight, administered daily, when compared to animals from control group, showed, in the vesical suture of rabbits, a decrease in the number of neutrophils on the postoperative day four, and an increase in the number of plasmocytes on the postoperative day seven. Thus there was no difference among the groups concerning the percentage of collagen types I and III and the tissue tensile strength.
